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Abstract A novel electrically active, water soluble gum
acacia-polyaniline (GA–PANI) hybrid was synthesized
using ceric ammonium nitrate as initiator in acidic medium.
The representative hybrid material was characterized using
UV-visible, FTIR and SEM taking polyaniline as reference.
The composition of aniline to gum acacia was tailored to
optimize possible cross-linking in side the hybrid. The
hybrid material exhibited pH switching electrical conduc-
tivity, which was decreased with increasing pH of the
material. I-V characteristics and acid–base sensitivity of the
hybrid material were extensively investigated in order to
find out its electronic behavior during current flow.
Keywords Gum acacia–polyaniline hybrid .
Electrical conductivity . Acid–base sensitivity
Introduction
Gum acacia (GA) is a complex arabinogalactan polysac-
charide (Scheme 1), which exudates from the widely
distributed acacia plants [1]. It is composed of D-galactose
(40%), L-arabinose (24%), L-rhamnose (13%), D-glucuronic
acid (21%) and 4-O-methyl-D-glucuronic acid (2%). GA
possess a linear backbone of β(1→ 3) linked D-galactopyr-
anosyl units to which D-galactopyranosyl, L-arabinofura-
nose and L-rhamnopyranose are attached as the side chains
through α(1 → 6), α(1 → 3) and α(1 → 4) linkages,
respectively [2]. The β-D-glucuropyranose and 4-O-methyl-
β-D-glucuronopyranose units are found as terminating
groups. These uronic acid components are responsible for
the polyanionic character of the biopolymer [3].
Gum acacia is an important substance in medicine and
bacteriology. It has been reported that inorganic salt
complex of gum acacia exhibits an electrical conduction
like superionic conductor [4]. The chemical modification of
the carbohydrate polymers with conducting polymers could
be promising to prepare multifunctional conducting materi-
als through oxidative-radical polymerization. The resulting
materials will also be interesting in terms of compatibility
with environment and biological systems.
In general, incorporation of conducting polymers such as
polyaniline (PANI) into flexible biopolymer matrix could
be resulted good process ability with the electrical
conduction having the requisite properties like chemical
stability toward dopants and solubility under readily
accessible conditions. Gum acacia has gained growing
interest to prepare ion conducting biopolymeric gel com-
plexes [5]. Moreover, materials showed electrical conduc-
tivity and may have good compatibility for the hybrid
formation with PANI.
Polyaniline (PANI) is proven as a promising conducting
organic polymer because of its wide technological applica-
tions. It is continuously reformed day by day through the
modulation of doping or by introducing functionality for
making it more attractive for technological applications [6–7].
Recently few works have been reported on the chemical
modification of carbohydrate polymer with PANI such as a
semi-interpenetrating based chitosan/polyaniline and chito-
san-polyaniline copolymers studied under different pH con-
ditions [8–11]. The produced materials have found specific
applications in the area of biosensors [12–13]. However, no
more attention has been devoted on the chemical modifica-
tion of anionic carbohydrate polymers with polyaniline.
To realize more sensitive and selective new functional
materials of polyaniline for sensors development, the
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present communication devoted on the synthesis of novel
electroactive carbohydrate polymer hybrids loaded with
PANI and optimize their ratio in order to find out
appropriate composition for electrical conduction.
In the accomplished studies, structural, morphological
and electrical characterizations were extensively investigat-
ed. It would be expected that the results might be helpful in
leading to new promising conducting polymers applicable
for sensor fabrication. The major advantage of this work is
to use carbohydrate polymers and increase their utility in a
broader prospective by chemical modifications.
Experimental
Materials
Gum acacia (E. Merck) was used after fractional precipi-
tation with ethanol. Aniline (E. Merck) was distilled prior
to use and ceric ammonium nitrate (Aldrich) was used
without further purification. The deionized water was used
for all the reactions.
Synthesis of GA–PANI hybrid
A calculated amount of the GA was dissolved in minimum
required amount of distilled water in a 500 ml flask. To this
solution, calculated amount of the aniline and 0.5 M
hydrochloric acid were added and the total volume was
made up to 200 ml. The flask was thermostated at 25±
0.2 °C with continuous stirring. After 30 min 0.45 M ceric
ammonium nitrate was added and this was taken as zero
time. The reaction was allowed for 2 h. The reaction
mixture was neutralized by 5% aqueous NaOH and hybrid
was precipitated with absolute ethanol. The resulting
precipitate was repeatedly washed acetone and then with
N-methyl pyrrolidone (NMP) in order to separate PANI
(homopolymer) from the hybrid. Finally, products were
dried in a vacuum oven at 50 °C.
Characterization
An Ocean Optics HR 4000 High Resolution Spectropho-
tometer was recorded the UV-Vis spectra of the samples.
FTIR spectra were recorded on PK-1310, Perkin-Elmer
Scheme 1 Schematic macromolecular structure of gum acacia, [I] polyanionic side chain and [II] polyol bearing hetero saccharide backbone
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instrument by making a pellet with dehydrated KBr in
reflectance mode. Scanning electron microscope (SEM)
was done on a JEOL-840, JEOL Corporation, Japan by
making a film of desirable size and coated with gold.
Electrical characterization
The four-point probe method [14] was used for the
determination of electrical conductivity of the polyaniline
and GA–PANI hybrid by making rectangular pressed
pallets (pressure 5 tons/cm2). This method was also
followed for the study of IV Characteristics of polyaniline
and GA–PANI hybrid both.
According to the four-point probe method the resistivity
can be calculated using the relation-
ρ ¼ 2pS V=Ið Þ ð1Þ
where S is the probe spacing (mm), which was kept
constant, I is the supplied current in milliampere, and the
corresponding voltage was measured in millivolts.
Conductivity can be computed using the relationship –
σ ¼ 1=ρ ð2Þ
For the measurements, Keithley four-probe system with
224 programmable current source, 181 nano voltameter and
195A digital multimeter. The electrical conductivity meas-
urements were carried out in the temperature range 0 to
50 °C. The effect of pH on electrical conductivity of GA–
PANI was also studied in the range of 1–10.
Results and discussion
Synthesis and effect of compositions
Gum acacia-polyaniline (GA–PANI) hybrids could be
synthesized through oxidative-radical polymerization of
polyaniline using ceric ammonium nitrate in acidic medi-
um. Typically, varying the combination of aniline in the
molar ratios 0.2–0.4 M with 1 g/l GA was studied with the
Scheme 2 Synthesis of GA–PANI complex hybrid and its pH response
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constant concentration of ceric ammonium nitrate (0.45 M),
HCl (0.5 M) at 25±0.2 °C. It was observed that hybrid
materials were water-soluble and the electrical conductivity
increases with increasing the concentration of aniline. It is
fact that in the medium of acid, aniline protonated to
formPh NHþ3 and further oxidized to yield polyaniline
cation radicals that are quickly grafted onto the available
oxygen radicals of [I] GA (i.e. produced at –OH due to
presence of redox initiator). Therefore with increasing
concentration of aniline (but not more than 0.4 M) resulted
more loading of polyaniline with in the hybrid. The grafted
PANI is showed usual response with pH and form
emeraldene salt i.e. conducting form of PANI at low pH
as well as emeraldene base (insulating form of PANI
formed at higher pH) as shown in Scheme 2. At lower pH,
the grafted PANI have positive charge that ionically
attached with GA macromolecules at the polycationic end
groups [II] that improve its solubility as well as probably
create compact complex structure with electrically active
sides for the electrical conduction. All the results are
summarized in the Table 1.
UV-vis spectra
The UV-vis spectra of GA–PANI and PANI are shown in
Fig. 1. UV-vis spectra of GA–PANI at pH 1 showed a broad
absorption band at 300–465 nm due to overlapping of
arabinogalactan components of gum acacia, π–π* transition
of benzenoid rings and polaronic peak of grafted PANI. The
peak at 800 nm was assigned bipolaronic transitions of
grafted PANI (Fig. 1a), while GA–PANI at pH 10 showed a
peak at 610 nm due to the π–π* transition of quinoid rings
of the grafted PANI (Fig. 1b). Figure 1c showed typical
UV-vis spectra of PANI at pH 1. These curves evidenced
that the grafted PANI showed transition ‘emeraldine salt-
emeraldine base’ (protonation–deprotonation or doping–
dedoping) and bears emeraldine oxidation state in the
media of different pH [15].
FTIR spectra
Figure 2 showed the FTIR spectra of GA-g-PANI (Fig. 2a)
and PANI (Fig. 2b). Figure 2a has characteristic peaks of
Fig. 2 FTIR spectra of A GA–PANI hybrid and B PANI
Fig. 1 UV-Vis spectra of A GA–PANI hybrid at pH 1; B GA–PANI
hybrid at pH 10 and C PANI at pH 1
Table 1 Effect of acacia gum–
aniline ratio, pH and
temperature on electrical
conductivity of PANI–AG
hybrid
Sl. no. Aniline–acacia gum
ratio
Solubility pH Temperature
(°C)
Electrical conductivity
(Scm−1)
1. 0.20 M–1 g/l Water soluble 7 25 1.52×10−5
2. 0.30 M–1 g/l Water soluble 7 25 6.15×10−4
3. 0.40 M–1 g/l Water soluble 7 25 3.88×10−4
4. 0.40 M–1 g/l Water soluble 1 25 5.46×10−2
5. 0.40 M–1 g/l Water soluble 10 25 2.53×10−5
6. 0.40 M–1 g/l Water soluble 1 0 1.27×10−2
7. 0.40 M–1 g/l Water soluble 1 50 8.10×10−2
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PANI as well as gum acacia. The infrared band at νmax
3,040–3,266 cm−1 corresponds to N–H stretching with
hydrogen bonded 20 amino groups and free O–H stretching
vibration, νmax 3,024 cm
−1 corresponds to aromatic C–H
stretching, νmax 2,930 cm
−1 and νmax 2,864 cm
−1 (due to
aliphatic C–H stretching), νmax 1,632 cm
−1 (due to C=O
stretching of carbonyl group, typical sacharide absorption),
νmax 1,526 cm
−1 (due to C=C stretching of quinoid rings),
νmax 1,423 cm
−1 (due to C=O stretching of –COOH group
and –OH bending of acid group respectively), νmax
1,462 cm−1 (due to C=C stretching vibration of benzenoid
rings), νmax at 1,284 cm
−1 (due to C–N stretching). The
absorption band νmax at 1,110 cm
−1 was assigned to
N=Q=N bending vibration shift towards the lower wave
number correspond to the PANI. The shift of νmax
1,130 cm−1 band to lower wave number could be attributed
to the hydrogen bonding between GA and imine group of
the grafted chain of PANI. The absorption band at
1030 cm−1 (due to O–H bending), at 1,076 cm−1 (charac-
teristic peaks of a saccharide structure; C–O stretching) and
at 830 cm−1 was assigned to aromatic C–H bending
vibration band due to the 1,4-disubstituted benzene ring.
FTIR spectra of PANI showed the characteristic peaks of
the emeraldine salt form of PANI [16].
Scanning electron microscopy
The surface topography of the GA–PANI was studied by
scanning electron microscopy (SEM) and compared with
the polyaniline. The surface of the GA–PANI seems like
suspended globules that were accumulated in contrast to the
porous interior structures. This fact can be attributed to the
porosity of the suspended globular surface in the hybrid,
while polyaniline showed scattered flower like shapes.
Hence, the surface evidence supports the homogeneity of
the uniform mixing of PANI on to the gum acacia (Fig. 3).
Electrical characterization
I-V characteristic of the GA–PANI hybrid pellet was
evaluated by measuring the voltage with varying current
at room temperature. The voltage was measured with
varying current at room temperature in order to see whether
the GA–PANI hybrid possesses the ohmic contact like
polyaniline or rectifying contacts. A linear relationship of
the I-V characteristic is shown in Fig. 4. From the results it
is observed that the GA–PANI hybrid has an ohmic
behavior [17].
The DC electrical conductivity of GA–PANI hybrids,
polyaniline and biopolymer GA were measured under
laboratory conditions. The results are summarized in the
Table 2. The value of DC electrical conductivity was found
almost 7,000 times higher than that of parental GA
biopolymer. It is due to grafting of PANI on to GA
backbone and complexation of polyanionic end groups of
Fig. 4 I-V characteristics of A GA–PANI hybrid and B PANI
Fig. 3 SEM pictures of a GA–
PANI hybrid and b PANI
Table 2 Electrical conductivity of PANI, AG and PANI–AG hybrid
[(aniline) 0.4 M and (AG) 1 g/l] at 30 °C
Sl. No. Polymer Solubility pH Electrical
conductivity
(Scm−1)
1. PANI Water insoluble 1 0.742
2. GA Water soluble 1 4.73×10−6
3. GA–PANI hybrid Water soluble 1 6.70×10−2
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GA with HCl doped PANI. The conductivity of the GA–
PANI hybrid is dependent on temperature. On increasing
the temperature, the conductivity increases. It showed that
the conduction is purely electronic, where the conductivity
is directly proportional to the temperature. The electrical
conductivity of PANI–AG hybrid was measured after
doping and dedoping with different concentrations of HCl
and NH3 solution respectively at a fixed time (Table 1). The
conductivity of the GA–PANI hybrid increases with
increasing dopant concentration indicated the formation of
emeraldine salt to emeraldine base of the loaded PANI
chain in the hybrid. The effect of temperature on the
electrical conduction of the hybrid was also measured; all
the results have been summarized in the Table 1. It was
observed that the electrical conductivity of the material
increases with increasing the temperature. It was attributed
that the electrical conductivity of the hybrid material was
pure electronic not ionic. Hence the electronic features of
the hybrid material proved the sensitivity against the acid–
base and temperature and showed variation with these
variables. Therefore the produced hybrid material could be
significantly utilized for the sensing applications.
Conclusions
A water-soluble, electrically conducting hybrid of Gum
Acacia-polyaniline was synthesized using ceric ammonium
nitrate as initiator in acidic medium. The optimum electrical
conductivity was found at: ceric ammonium nitrate
(0.45 M); aniline (0.4 M); hydrochloric acid (0.5 M); GA
(1.0 g/l), temperature (25±0.2 °C) and reaction time (2 h).
The resulting hybrids were water-soluble and have pH
switching electrical conduction. Electrical conductivity was
found in the range of 1.52×10−5 Scm−1 to 8.10×
10−2 Scm−1. The electrical conductivity was dependent on
pH and the ratio of aniline in the material. I-V characteristic
of hybrid showed ohmic behavior during current flow. In
conclusion, chemically modified gum acacia have con-
trolled electrical conduction by the loading of PANI.
Moreover, conducting polymer–carbohydrate polymer
hybrids could be usefully exploited as multifunctional
electronic materials for technological applications. The
materials may be of great importance in the fabricating
various sensor devices for in vivo and in vitro applications.
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